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® Heterocyclic thrombin inhibitors. 

@ Heterocyclic thrombin inhibitors are provided which have the structure 
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including all stereoisomers thereof 
wherein n is 0 J or 2; 
p is 0. I or 2; 

Q is a single bond or C = O; 

A is aryl or cycloalkyi, or an azacycloalkyi ring or an azaheteroalkyi ring; 

R5 is guanidine, amidine or aminomethyl. but when A is azacycloalkyi or azaheteroalkyi, is amidine; 
R^ and are independently hydrogen, lower alkyi, cycloaikyl. aryi, hydroxy alkoxy, keto. thioketai, thioalkyi, 
thioaryl, amino or alkylamino; or R' and R^ together with the carbons to which they are attached form a 
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cycloalkyi aryl. or heteroaryl ring; 

R* is hydrogen, hydroxyalkyl. aminoalkyl. amidoalkyl. alkyl. cycloalkyi. aryl. arylalkyi, alkenyl. alkynyl 
arylalkoxyalky I, or an ammo acid side chain, either protected or unprotected: and 



is hydrogen. 



II . 

or -COaR^ (wherein R« is lower alkyl, aryl. arylalkyi or cycloheteroalkyi); 
including pharmaceutically acceptable salts thereof. 
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The pres nt invention relates to heterocyclic compounds which ar thrombin inhibitors and thus useful 
in inhibiting formation of thrombi. 

The heterocyclic thrombin inhibitors of the invention hav the structure I 

I • 



70 
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including all stereoisomers thereof, and including all pharmaceutically acceptable salts thereof: wherein n is 
25 0. I or 2; 

p is 0. I or 2; 

Q is a single bond or 



30 



35 A is aryl or cycloalkyi, or an azacycloalkyi ring A of 3 to 7 carbons in the ring or an azaheteroalkyi ring 
A of 4 to 6 carbons in the ring, as given by the structure 
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X is CHa. O, S or NH; 
q = 0. L2. 3or4 if X = CH2; 
q = 2. 3 or 4 if X = O, S, NH; and 
50 and are independently H, alkyl. halo or keto; 

R5 is guanidine, amidine or aminomethyl; 

and are independently hydrogen, lower alkyl. cycloalkyi. aryl. hydroxy, alkoxy, keto. thioketai. 
thioalkyl. thioaryl. amino or alkylamino; or R' and R^ together with the carbons to which they are attached 
form a cycloalkyi. aryl, or heteroaryl ring: 
55 R* is hydrogen, hydroxyalkyi aminoalkyl. amidoalkyl. alkyl, cycloalkyi, aryl. arylalkyl. alkenyl, alkynyl. 
arylalkoxyalkyl. or an amino acid side chain, either protected or unprotected; and 
R2 is hydrogen. 
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or -C02R^ (wherein RS is lower alkyl. aryl. arylaikyi or cycloheteroalkyi); 

with the provisos that where A is aryl or cycloalkyl. RS is guanidine.'amidine or aminomethyl* 
where A is azacycloalkyi or azaheleroalkyl. RS is amidine: 

where X is a hetero atom (that is A is azaheteroalkyi). then there must be at least a 2-carbon chain 
between X and any N atom in the ring A or outside the ring A. 

Examples of the A ring (azacycloalkyi or azaheteroalkyi) which may be employed herein include 
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55 



and the like. 

-^Jf '^TS^°"l'T^S °' ^'"P'°y«'^ ►^e^^'" by itself or as part of another group includes both 

straight and branched chain radicals of up to 18 carbons, preferably I to 8 carbons, such as methyl ethyl 
propyl, isopropyl. butyl, t-butyl. isobutyl. pentyl. hexyl. isohexyl. heptyl. M-dimethylpentyl. octyl.' 2 2 4^ 
tnnnethylpentyl. nonyl. decyl. undecyl. dodecyl. the various branched chain isomers thereof, and the like as 
well as such groups including I. 2 or 3 halo substituents. an aryl substituent. an alkylaryl substituent a 
haloaryl substituent. a cycloalkyl substituent. an alkylcycloalkyi substituent. an alkenyl substituent an 
alkynyl substituent. hydroxy or a carboxy substituent. 

The term -cycloalkyl" by itself or as part of another group includes saturated cyclic hydrocarbon 
groups containing 3 to 12 carbons, preferably 3 to 8 carbons, which include cyclopropyl. cyclobutyl. 
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cyclopentyl. cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl and cyclododecyl, any of which groups may b 
substituted with substituents such as halogen, iower alky I. alkoxy and/or hydroxy groups. 

The ternn "aryr or "Ar" as employed herein by itself or as part of another group refers to monocyclic or 
bicyclic aromatic groups containing from 6 to 10 carbons in the ring portion, such as phenyl, or naphthyl. 
5 Aryl (or Ar), phenyl or naphthyl may include substituted aryl. substituted phenyl or substituted naphthyl, 
which may include I or 2 substituents on either the Ar, phenyl or naphthyl such as lower alkyl. cyano. 
amino, alkylamino, dialkylamino. nitro, carboxy, carboalkoxy, trifluoromethyl. halogen (CI Br, I or F), lower 
alkoxy. arylalkoxy, hydroxy, alkylthio, alkylsulfinyl. alkylsulfonyl. arylthio, arylsulfinyl and/or arylsulfonyl. 

The term "aralkyr. "aryl-alkyr or "aryl-lower alky!" as used herein by itself or as part of another group 
70 refers to lower alkyi groups as discussed above having an aryl substituent, such as benzyl. 

The term **lower aikoxy-, "alkoxy" or aralkoxy" includes any of the above lower aikyl. alkyI or aralkyi 
groups linked to an oxygen atom. 

The term "halogen" or "halo" as used herein by itself or as part of another group refers to chlorine, 
bromine, fluorine or iodine with chlorine being preferred. 
IS The term "lower alkenyl" or "alkenyl" as employed herein by Itself or as part of another group Includ s 
a carbon chain of up to 16 carbons, preferably 3 to 10 carbons, containing one double bond which will be 
separated from "N" by at least one saturated carbon moiety such as -(CH2)q- where q can be I to 14, such 
as 2-propenyl. 2-butenyl. 3-butenyl. 2^pentenyl, 4-pentenyl and the like, and may include a halogen 
substituent such as I. CI, or F. ^ 
20 The term "lower alkynyl" or "alkynyl" as employed herein by itself or as part of another group includes 
a carbon chain of up to 16 carbons, preferably 3 to 10 carbons, containing one triple bond which will be 
separated from "N" by at least one saturated carbon moiety such as -(CH2)q - where q' can be I to 14. such 
as 2-propynyl. 2-butynyf, 3-butynyl and the like. 

The term "heteroaryl" or heteroaromatic by itself or as part of another group refers to a 5- or 6- 
25 membered aromatic ring which includes I or 2 hetero atoms such as nitrogen, oxygen- or sulfur, such as 
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and the like. The heteroaryl rings may optionally be fused to aryl rings defined previously. The hetero-aryl 
rings may optionally include I or 2 substituents such as halogen (CI. Br, F or CF3). lower alky I. lower alkoxy, 
55 carboxy, amino. lower alkylamino and/or dilower alkylamino. 

The term "cycloheteroalkyl" as used herein refers to a 5-. 6- or 7-membered saturated ring which 
includes I or 2 hetero atoms such as nitrogen, oxygen and/or sulfur, such as 
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35 



and the like. 

The term "amino acid side chain" refers to any of the known alpha-amino acids such as arginine 
his idme. alanine glycine, lysine, glutamine. leucine, valine, serine, homoserine. allothreonine. naph- 
thylalanme isoleucme. phenylalanine and the like. 

Preferred are compounds of formula I wherein 

n is 0 or I, 

is H; is aralkyi or hydroxyalkyl. 
and R^ are each H. p is 0 or 1, 
Q is a single bond, A is an azacycloalkyi ring 



40 




45 where q is I or 2; R^ is amidine. 

Most preferred are compounds of formula I wherein R? is H, n is 0. R^ and R2 are each H 
R* is aralkyi such as benzyl, 
p is 1. Q is a single bond, ARS is 
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55 
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The compounds of formula I of the invention may be prepared according to the following reaction 
sequences. 

The compounds of formula I of the invention wherein A is azacycloalkyi or azaheteroalkyi and is 
75 amidine may t^e prepared according to the following Reaction Sequence 1. 

The compounds of formula II or III are known in the art or may be prepared by those skilled in the art 
employing conventional preparatory techniques. 
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As seen in the above Reaction Sequence I. compounds of formula r wherein A is azacycloalkyi or 
azaheteroalkyl. are prepared as follows. The protected acid II Is made to undergo a carbodiimide coupling 
reaction with amine III in the presence of ethyl 3-(3-dimethylamino)propyl carbodiimide hydrochloride 

45 (WSG) or dicyclohexylcarbodiimide (DCG), and l-hydroxybenzotriazole monohydrate (HOST), and N-methyl- 
morpholine (NMM), and in the presence of an inert organic solvent such as dimethylformamide (DMF). THF 
or N-methylpyrrolidone. to form the amide IV. Amide IV is deprotected by treatment with, for example. 
Ha/Pd-C if is CBz. to form amine V. Amine V is treated with amidinesuifonic acid VI in the presence of 
alcohol solvent, such as ethanol to give cyclic guanidine lA. Guanidine lA is deprotected by treatment with 

50 trifluoroacetic acid (if = BOG) with or without the presence of dry inert organic solvent such as 
dichloromethane, chloroform or THF at temperatures within the range of from about -15 ' to about 20 • C to 
form amidine compound of the invention IB. 

The compounds of the invention where A is aryl or cycloalkyi and is amidine or guanidine may be 
prepared according to the following Reaction Sequence II: 

55 
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Reaction ^&au&nrp^ rr 

5 Coupling 

II . H,H — (CH,),-Q_A-R5 K.^czLon^ 
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As seen in Reaction Sequence II. compounds of formula I where A is aryl or cvcloalkvl iih^x An ;,nH 
carbod '^f" - ^uanidine (R^') are prepared as follows. The protected Lcid Tis^^ 

OCC Z^^^^^^^^ " ^-'^ '"^ the prese'fof WSC or 

N r^^thCfn rn organic solvent such as dimethylformamide THF or 

N-methylpyrrolKione, to form am.de IC. The amide IC is then dissolved in an alcoLl solvent such as 

tXeZTT^^^^ •"'"'k'^? hydrogenated over PdTor Pd^^^^^^ 

C m the case where R3 ,s carbobenzyloxy. to form compound ID of the invention 

The compounds of formula I of the invention wherein A is aryl or cvcloalkvl and RS i<; pminnm«thwr /th.^ 
.3 R^) may be prepared according to the following Reaction Sequence Jlh " ammomethyl (that 
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Reaction Sequence III 
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As seen in the above Reaction Sequence III compounds of formula I wherein A is aryl or cycloalkyi and 
45 Is aminomethyl are* prepared as follows. The protected acid II is made to undergo a carbodiimide 
coupling reaction with protected amino acid IIIB in the presence of ethyl 3-(3-dimethylamino)propyl 
carbodiimide hydrochloride (WSC) or dicyclohexylcarbodiimide (DCC) and l-hydroxybenzolriazole mon- 
phydrate (HOBT), and N-methylmorphoIine (NlVtM). and in the presence of an inert organic solvent such as 
dimethylformamide (DMF), THF or N-methylpyrrolidone, to form the amide IVA. Amide IVA is deprotected 
so by treatment with trifluoroacetic acid (TFA) when is t-butoxycarbonyl (BOC) or H2-Pd/C when P' is 
carbobenzyloxy (CBz). with or without the presence of dry inert organic solvent such as dichloromethane. 
chloroform or THF, at temperatures within the range of from about -15 • to about 20 * C to form amide IE of 
the invention. 

The starting acid II may be prepared according to the following reaction sequence: 

55 
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i, m2«f !r '"J"^ L^^''""" sequence, compounds of formula II are prepared as follows The ester X.l 

which IS neu,r,„z«J wi,h sirong such as HC, « ox.fc acf d.oZ,! 

a«,i%\^Sv"acr4Tr.ur:.rrs.=-^^^^^^^^^^ 

sulfuric, phosphoric, acetic, citric maleic succinir lar J hydrobrom.c. hydroiodic, nitric, 

ethanesulfonic. ben.enesulfonic, p-to^et^u.foi acid orte liS ' -^'^--""O"'^- 

chranic .tharoscterosls. and reparfusloh damase '°- 



55 



».ch^"rrsr;L:'i:;:~r.rr-c".:^^^^^^^^ 

anisoylated streptokinase plasminogen activator complex (ASPAcT TJ^ZTtr f ' 
ac«va,„,s. ahd UK,. Th, compounds „, ,h, P.asan, jrr^cT;::^::':^^'^ 



12 



EP 0 648 780 A1 

reocclusion following a successful thrombolytic therapy and/or reduce the time to reperfusion. The 
compounds of the present invention may also allow for reduced doses of the thrombolytic agent to be used 
and therefore minimize potential hemorrhagic sid -effects. 

The compounds of the present invention may also be used in combination with other antithrombotic or 
5 anticoagulant drugs such as thromboxane receptor antagonists, prostacyclin mimetics. phosphodiesterase 
inhibitors, fibrinogen antagonists, and the like. 

Compounds of the present invention that inhibit trypsin may also be useful for the treatment of 
pancreatitis. 

The compounds of the invention can be administered orally or parenterally to various mammalian 
70 species known to be subject to such maladies, e.g.. humans, cats, dogs and the like in an effective amount 
within the dosage range of about 0.1 to about 100 mg/kg, preferably about 0.2 to about 50 mg/kg and more 
preferably about 0.5 to about 25 mg/kg (or from about I to about 2500 mg, preferably from about 5 to about 
2000 mg) on a regimen in single or 2 to 4 divided daily doses. 

The active substance can be utilized in a composition such as tablet, capsule, solution or suspension 
75 containing about 5 to about 500 mg per unit of dosage of a compound or mixture of compounds of formula 
I. They may be compounded in conventional matter with a physiologically acceptable vehicle or carrier, 
excipient, binder, preservative, stabilizer, flavor, etc., as called for by accepted pharmaceutical practice. 

The following Examples represent preferred embodiments of the present invention. Unless otherwise 
indicated, all temperatures are expressed in degrees Centigrade. ^ 

20 

Example I 

N-[[l-(Aminoiminomethyl)-4-piperidinyl]methyl]-l'D-phenylalanyl'L'prolinamide 

25 A. 4-(Aminomethyl)-N.N*-bis[(l.l-dimethylethoxy)carbonylH-piperidinecarboximidamide 

To a stirred solution of 4-aminomethylpiperidine (0.72 g. 6.31 mmoi) in 40 mL of toluene was added 
benzaldehyde (0.78 mL, 6.94 mmol). The reaction solution was refluxed for 18 h and water was removed by 
a Dean Stark trap. The reaction solution was cooied to room temperature at which time bis-Boc 

30 amidinopyrazole (1.96 g, 6.31 mmol) was added. The reaction solution was stirred at room temperature for 
48 h and concentrated in vacuo. The oily residue was diluted with 15 mL of 1M (aq) KHS04 solution and 
stirred at room temperature for 5 h. This aqueous solution was washed with ether (2x20 mL) and basified to 
pH 12 by the addition of IN NaOH solution. This basic solution was then saturated with NaCI and extracted 
with dichloromethane (3x60 mL). The combined dichloromethane extracts were dried (MgSO*), filtered and 

35 concentrated in vacuo to give 2.10 g (93%) of title amine which was used for the next transformation 
without further purification. 

B. (S>N-[[l-[[[(lJ-Dimethylethoxy)carbonyl]amino][[(l.l-dimethylethoxy)carbonynimino]methyl]-4-pipen 
methylH-[l-[[(l.l-dimethylethoxy)carbonyl]amino]'2-phenylethyl)-S-prolinamide 

40 

To a stirred solution of N-Boc-D-Phe-L-Pro-OH (0.73 g. 2.02 mmol), Part A amine (0.72 g. 2.02 mmol) 
and 1 -hydroxybenzotriazole monohydrate (0.34 g. 2.02 mmol) in 30 mL of DMF was added in order 4- 
methyl-morpholine (0,66 mL, 6.05 mmol) and ethyl-3-(3-dimethylamino)propyl carbodiimide hydrochloride 
(0.39 g, 2.02 mmol). The reaction solution was stirred at room temperature for 19 h and concentrated under 
45 pump vacuum at 45 •C. The residue was diluted with 100 mL of saturated NaHCOi solution and extracted 
with dichloromethane (4x100 mL). The combined dichloromethane extracts were dried (MgSO*). filtered and 
concentrated in vacuo. This was chromatographed on silica gel to give 0.70 g (50%) of title bis-Boc 
guanidine. 

50 C. N-[[l-(Aminoiminomethyi)-4-piperidinyl]methyl]-l-D-phenylalanyl-L'prolinamide 

To a stirred solution of Part B bis-Boc guanidine (0.68 g, 0.97 mmol) in 6.0 mL of dichloromethane was 
added trifluoroacetic acid (TFA) (6.00 mL, 77.9 mmol). The reaction solution was stirred at room tempera- 
ture for 3 h and concentrated in vacuo. This was purified by prep HPLC to give 310 mg (45%) of title 
55 compound. 
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Example 2 

N-[[l-(Aminoiminomethyl)-3-piperidinvl1 methyl]-l-D-phenvlalanyl-L-pfolinamid>. 
5 A. N-Boc-3-hydroxymethylpiperidine 

To a stirred solution of 3-hydroxymethylpiperidine (15.1 g 131 mmol) and R w /5i q , 
100 mL of dichloromethane was added dropwise a so ution of ni » h T . h . ^ ^® "'"'°'> 
100 rr^L of dichloromethane over 1 h T^e Reaction t^^^^ ^carbonate (31.5 g. 144 mmol) In 

^0 diluted With 200 mL of dichloromethane ^r^l^^^^^^ ^« ^ t^en 

mL). saturated NaHCOa solution (2x100 mL) and brine (1x100 mU TL orfw ?» 
filtered and concentrated in .scuo to give NWaUoZth^pSn?^^^^^^^ T^s^^^ 

^ .chpom:re rjr ZTt. :^'^^::T^^tz^- % — > - - - ^t dry 

.0 and brine (1x100 mL). The dichloromethane layer was drJdX 'sO.T^iiterS .nH '° 
The residue was dissolved in 200 mL of DMp'and combrnerw tfsod^^^^^^^^^^^ 
m,xture was stirred at room temperature for 33 h and the solid was filtered off The «ltL 
under pump vacuum at 45'C Tho rp«iH,,o " "nerea ott. The filtrate was concentrated 

thiosulfate solution (2x100 Ind S e ixToo mU The .'oTT °' '^^^'^ ^"'^ 

25 concentrated /n vac^o. Purification wareffected bT a fLsh ro^ 'k^' ""^'"^ ^"^ 
19.5 g (65%) of title azide. ^ "^""^ chromatography on silica gel to give 

C. 3-(Aminomethyl)-|.pipe ridinecarboxvlic acid. l.l-dimethylethyl ester 

To a stirred solution of Part 8 azide (19.0g. 79.2 mmol) in 250 ml nf moth=.o^i w 
10%Pd/C (3.80 g. 20% based on the we ght of Part B az^de The a^m«-^^^^^^ " '^^ 
by several vacuum-fill cycles. The mixture was stirred at rol!, . '^"'^^^'^ """^ hydrogen 

filtered through a 4uM 'polycarbonate 1' Tn" ^ d wit m"^et :r74S^ mU ^Th'e nt' T''^' 
centrated in vacuo to give 16.3 g (96%) of title amine. '"^''^^"o' C^^^^ "^L)- The filtrate was con- 

^ hydr^^yL" r58V?3?mmof> ""Tl' ^-ff^-''^-^-^- (3.70 g, 9.35 mmol). 1- 

added ethy,-3-(3-dimethVaSrrJpyfc^rb^c^imT 

solution was stirred at room temperature for 17 h and concentrated .nlr ^ 
E. 

prolinamide 



30 



35 




SO To a stirred solution of Part D carbamate ^2 30 n aq mrr,^(\ • . . 

OLuted WW l(K) mL corner TC deLM oiH,!^^?^^^^^^ '""^ " """^ '""""'""^ 6 h ana 
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F. N*[[l-(Aminoiminomethyl)-3-piperidinynmethylH-D*phenylalanyi-L-prolinamide 

To a stirred solution of Part E Cbz-carbamate (240 mg. 0.37 mmol) in 10 mL of methanol under argon 
was added 20%Pd(OH)2/C (48 mg. 20% based on the weight of Part E Cbz carbamate). The atmosphere 
5 was replaced with hydrogen by several vacuum-fill cycles. The reaction mixture was stirred at room 
temperature for 24 h. The catalyst was filtered off and rins d with methanol (4x20 mL). The filtrate was 
concentrated in vacuo. The residue was dissolved In 50 mL of a solution of 0.1%TFA in water and 
lyophilized to give 220 mg (82%) of title compound. 

Following the procedures of Examples I and 2, the following examples of compounds of the invention 
w may be prepared. 
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Claims 

1. A compound having th structure 




including all stereoisomers, wherein n is 0, I or 2; 
p is 0. I or 2; 

Q is a single bond or C = O; 

A is aryl or cycloalkyl. or an azacycloalkyi ring of 3 to 7 carbons in the ring or an azaheteroalkyi ring of 
4 to 6 carbons in the ring as given by the structure 




q is 0, !. 2. 3 or 4; 

Xls CHz.O, Sor NH; 

q = 0. I. 2, 3 or 4 If X = CH2: 

q = 2.3 or 4 if X = O, S, NH; and 

and are independently H. alkyi, halo or keto: or 

r5 is guanidine. amidine or aminomethyl, and 

and are independently hydrogen. lower alkyl. cycloalkyl. aryl, hydroxy, alkoxy. keto, thioketal, 
thioalkyi, thioaryl. amino or alkylamino; or R' and R^ together with the carbons to which they are attached 
form a cycloalkyl, aryl or heteroaryl ring: 

R* is hydrogen, hydroxyaikyl. aminoalkyl, alkyl, cycloalkyl. aryl. arylalkyl, alkenyl. alkynyl, amidoalkyl. 
arylalkoxyalkyi or an amino acid side chain, either protected or unprotected; and 

R^ is hydrogen, 

O 



or -C02R^. wherein R^ is lower alkyl. aryl. arylalkyi or cycloheteroalkyi; with the provisos that when A is aryl 
or cycloakyl. R^ is guanidine, amidine or aminomethyl; 

where A is azacycloalkyi or azaheteroalkyi. R^ is amidine; 
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where X is a hetero atom, then there must be at least a 2 carbon chain between X and any N atom in 
the ring or outside of the ring; ^ 

including pharmaceutlcally acceptable salts thereof. 
2. The compound as defin d in Claim I wherein Q is a single bond. 
5 3. The compound as defin d in Claim I wh rein A is aryl or cycloalkyl. 

4. The compound as defined in Claim I wherein A is azacycloalkyi or azaheteroaikyl. 

5. The compound as defined in Claim 4 wherein q is I or 2. 

6. The compound as defined in Claim I wherein n is 0 or I. 

7. The compound as defined in Claim I wherein R* is aralkyl or hydroxyaikyl. 
w a. The compound as defined in Claim I wherein is H. 

9^The compound as defined in Claim I wherein R3 is H. R* is aralkyl. R' and R2 are each H. n is 0 or I 
10. The compound as defined in Claim 9 wherein p is I or 2. Q is a single bond. A is azacycloalkyi and RS 
IS amidme. 

11- The compound as defined in Claim I wherein R3 is H. R< is benzyl. R^ and R2 are each H. n is 0 o is I 
/5 Q is a single bond. ARS is n is u. p is i. 
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12. The compound as defined in Claim I having the structure 

30 
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13. The compound as defined in Claim 12 wherein R* is benzyl, and AR^ is 
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14. Th compound as d fined in Claim I 
phenylalanyl-L-prolinamide. 

15. The compound as defined in Claim I 
phenylalanyl-L-prolinamide. 

17. A pharmaceutical composition comprising 
acceptable carrier therefor. 



which is N-[[l-(aminoiminomethyl)-4-piperidinyl]methyl]-l-D- 
which is N-[[l-(aminoiminomethyl)-3-piperidinyl]methylI-l-D- 
a compound as defined in Claim I and a pharmaceutically 
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